Properties ribbon amorphous  Fe73Ti5Y3B19 and Fe73Co5Y3B19  produced by melt-spinning by K. Zdrodowska et al.
Research paper 20 © Copyright by International OCSCO World Press. All rights reserved. 2013
VOLUME 61
ISSUE 1
November
2013
of  Achievements  in  Materials
and Manufacturing Engineering
of  Achievements  in  Materials
and Manufacturing Engineering
Properties ribbon amorphous 
Fe73Ti5Y3B19 and Fe73Co5Y3B19 
produced by melt-spinning
K. Zdrodowska a,*, P. Kwarciak a, M. Szota a, M. Nabiałek b
a Institute of Materials Engineering, Faculty of Production Engineering  
and Materials Technology, Czestochowa University of Technology,  
Al. Armii Krajowej 19, 42-200 Częstochowa, Poland
b Institute of Physics, Faculty of Production Engineering and Materials Technology, 
Czestochowa University of Technology,  
Al. Armii Krajowej 19, 42-200 Częstochowa, Poland
* Corresponding e-mail address: kzdrodowska@wip.pcz.pl
Received 16.09.2013; published in revised form 01.11.2013
Properties
AbstrAct
Purpose:  The purpose of the study is to examine the mechanical properties of Fe73Ti5Y3B19, and Fe73Co5Y3B19 
alloys and to carry out the comparative examination of the bright side of these alloys.
Design/methodology/approach: The Fe73Ti5Y3B19, Fe73Co5Y3B19 alloys were produced by the melt-spinning 
method. This method involves rapid cooling of the metal on a spinning copper cylinder. The cooling rate required 
for obtaining the amorphous alloy ranges from 105 to 106 K/s. The above-mentioned method is popular and often 
used; however, in order to obtain alloys of an amorphous structure, its should assured that the conditions for 
obtaining amorphous materials, as set by A. Inoe, are satisfied.
Findings: Mechanical properties, such as microhardness, roughness, abrasive wear with the use of a ball tester, 
have been described and the X-ray diffraction has been determined in the paper.
Research limitations/implications: The effect of the investigation are differences in mechanical properties 
found between the examined alloys.
Practical implications: The amorphous Fe73Ti5Y3B19, Fe73Co5Y3B19  alloys find application in the power 
industry, where there are used for transformer cores.
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1. Introduction 
The  development  of  new  electron  technologies  and  studies 
of  crystalline  structures  conducted  over  the  last  years  have 
resulted  in  new  amorphous  magnetic  materials.  The  first 
manufacturer of amorphous ribbons was the American company 
Allied Chemical Co. In Poland, the studies of amorphous ribbons 
were initiated by the Institute of the Polish Academy of Sciences 
in Warsaw, the Institute of Materials Engineering of the Warsaw 
University of Technology, the Institute of Nonferrous Metals in 
Gliwice,  as  well  as  the  Institute  of  Physics  and  the  Institute  
of  Materials  Engineering  of  the  Czestochowa  University  
of Technology [1-2]. 
These  are  two  types  of  new  generation  soft  magnetic  
Fe-based  materials:  single-phases  (amorphous  structure),  i.e. 
Metglas  and  two-phases  nanocrystalline  structure,  i.e.  Finemet  
or Nanoperm [3]. 
Amorphous  ribbons  are  produced  by  the  method  of  rapid 
cooling on a spinning copper cylinder, at a cooling rate from 10 
5 
to  10
6  K/s.  This  method  is  also  known  as  melt-spinning.  
The alloys are composed of more than three components, the first 
of which should be a transition metal or its combination, while the 
others, a metalloid or its combination. The selected components 
should  exhibit  the  ability  to  form  an  amorphous  state.  When  
the  main  components  are  characterized  by  a  negative  heat  
of  mixing,  the  energy  gap  at  the  interface  increases  when  
the material is combined. The viscosity of the molten material 
increases,  which  reduces  the  migration  of  atoms  leading  
to the formation of nuclei of a crystalline phase [1-6]. 
Most prone to the process of vitrification are alloys that have 
transitions  metals,  such  as  cobalt,  iron  or  nickel,  in  their 
composition. An addition of a metalloid is also needed for the 
process, which allows lower critical cooling rates to be achieved. 
Such  metalloids  include  carbon,  boron  or  silicon.  
For  the  nitrification  of  an  amorphous  alloy  to  occur,  the  alloy 
needs to be cooled at a rate higher than the critical cooling rate. 
By  cooling  an  alloy  at  appropriate  cooling  rates,  we  are  able  
to  obtain  a  partially  crystallized  structure.  This  is  a  reversible 
process. Also prolonged holding at an elevated temperature will 
lead to the formation of crystalline structures.Some mechanical 
properties  are  dependent  on  temperature,  the  structure  will 
correspond to the change of temperature [7-10]. 
In  many  renowned  periodicals,  interesting  information  
on metallic glasses can found, while the leading researcher in this 
field being A. Inoue with his team. In his studies, Inoue deals with 
various  types  of  alloys  and  their  undoubtedly  interesting 
properties. One of the more interesting studies is „Development 
and applications of Fe - and Co- based bulk glassy alloys and their 
prospects”. In his paper, Inoue claims that amorphous alloys are 
unquestionably the material of the future, with a very wide range 
of applications [12-15].  
By comparing the properties of traditional alloys with those  
of  amorphous  alloys,  it  can  be  stated  that  the  metallic  glasses 
constitute  a  prospective  group  of  engineering  materials.  This  
is due to their good properties, both magnetic and mechanical. 
Metallic  glasses  can  be  used  in  those  applications,  where  
the accumulation of large elastic strain energy is required, owing 
to their properties, such as: the large elastic strain, the high yield 
stress  and  the  high  crack  resistance.  The  maximum  density  
of  the  elastic  strain  energy  is  approximately  four  times  that  
of  traditional  alloys.  Iron-based  amorphous  alloys  can  
be substituted for currently used transformer steels [9,10]. There 
are  also  many  other  possibilities  of  application  of  thin-layered 
amorphous  ribbons,  primarily  in  electrical  equipment.  They  
are used for electric measuring systems and supervisory control 
systems,  conductors,  magnetic  sensors,  pressure  pick-ups.  
This provides a possibility of their practical use in many branches 
of industry, e.g. the automotive, electrical and aircraft industries, 
as well as in medicine The magnetic properties of the metallic 
glass ribbons depend on the composition, production procedure 
and on the condition of the heat treatment [18,19].  
The  aim  of  the  study  described  below  was  to  make  
thin-layered  amorphous  Fe73Ti5Y3B19,  Fe73Co5Y3B19  ribbons,  
and  to  compare  their  mechanical  properties  for  the  matt  
and the bright sides. Which means, respectively, the side in direct 
contact with the copper cylinder and the one in contact solely with 
the inert gas contained in the chamber. 
In order to characterize the produced ribbons, the following 
examinations and tests were done: metallographic examinations, 
microhardness  tests,  tribological  resistance  tests  using  a  ball 
tester, surface roughness profile examinations, as well as an X-ray 
analysis.  
 
 
2.Testing  material  and  research 
methodology and analysis of the testing 
results
 
Results  of  the  investigation  of  produced  thin-layered 
Fe73Ti5Y3B19,  Fe73Co5Y3B19  alloys  are  presented  in  the  paper.  
For production of the alloys to be investigated, components of the 
following  purities  were  used:  Fe  -  99.98,  Co  -  99.98,  and  
Y - 99.98. Boron was added in the form of an alloy of known 
chemical  composition,  namely  FeB.  Initial  remelting  
of the components was done using an electric arc in the presence 
of  an  inert  gas.  The  ingots  were  cleaned  and  segregated  into 
charge batches and placed in an induction furnace, where then the 
ribbon production process took place. For production of ribbons,  
a  method  involving  the  continuous  casting  of  the  liquid  alloy  
on a spinning copper drum, the so called melt-spinning method, 
was  employed.  The  investigations  were  carried  
out for the Fe73Ti5Y3B19, Fe73Co5Y3B19 alloys. In order to assess 
the  mechanical  properties,  metallographic  examinations, 
microhardness  tests,  tribological  resistance  tests  using  a  ball 
tester, surface roughness profile examinations, as well as an X-ray 
analysis,  were  carried  out.  The  composition  of  individual 
specimens is shown in Table 1.  
 
Table 1. 
The  chemical  composition  of  the  samples  tested  Fe73Ti5Y3B19, 
Fe73Co5Y3B19 
Sample number  Chemical composition 
1  Fe73Ti5Y3B19 
2  Fe73Co5Y3B19 
2.   testing material and 
research methodology  
and analysis of the  
testing results
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The  metallic  glass  ribbons  used  in  the  investigations  were 
prepared in the Institute of Physics of the Czestochowa University 
of  Technology.  Figure  1  represents  amorphous  Fe73Co5Y3B19 
ribbons. 
 
 
 
Fig. 1. The research material in ribbons Fe73Co5Y3B19 
 
In  order  to  carry  out  the  planned  investigations,  
the amorphous ribbons had to be suitably prepared. To this end, 
ribbon lengths for comparing mechanical properties were stuck  
on  identical  impact  test  specimens.  Attention  is  drawn  in  the 
paper to the fact that ribbons have each a bright side and a matt 
side. The matt side is forms on the cylinder side, while the bright 
side is an outer one. The specimens prepared for testing are shown 
in Fig. 2.  
 
 
 
Fig. 2. Ribbons amorphous samples were prepared for testing 
2.1. X-ray analysis
 
An X-ray analysis was made using an X-ray diffractometer, 
which  was  equipped  with  a  cobalt  tube  with  the  CuKĮ 
characteristic  radiation.  The  sample  was  irradiated  with  X-rays  
in the angle range from 30° to 120°, with a measurement step  
of  0.2°  and  an  exposure  time  of  3s.  Figure  3  shows  the 
microstructure  of  the  investigated  Fe73Ti5Y3B19,  Fe73Co5Y3B19 
alloys.  
 
a) 
 
b) 
 
 
Fig.  3.  An  X-ray  diffraction  pattern  for  a)  Fe73Ti5Y3B19  
and  b)  Fe73Co5Y3B19  alloy  ribbons  after  solidification 
 
Figure 3 presents X-ray diffraction patterns obtained for the 
Fe73Ti5Y3B19 and Fe73Co5Y3B19 alloys. Amorphous materials have 
no  ordered  crystalline  structure,  therefore  the  X-ray  diffraction 
pattern in Fig. 3b shows only a wide broadened maximum, which 
confirms  the  absence  of  crystalline  phase  grains  within  the 
volume  of  this  specimen.  The  presence  of  this  phase  may  
be  linked  with  prolonged  solidification  of  liquid  alloy  during 
production  process.The  Fe73Ti5Y3B19  alloy  of  chemical 
composition  as  shown  in  Fig.  3a  does  not  exhibit  any  ability  
to form a crystalline phase. Even such a small addition of the 
titanium element causes the alloy structure to differ significantly, 
not showing any ability to form crystalline phases. The key role  
in  the  formation  of  the  amorphous  structure  is  played  by  the 
composition and proportions of the examined alloy [18, 20].  
2.2. Microhardness 
Microhardness tests were performed by the Vickers method 
using  a  Future-Tech  FM7  microhardness  tester.  The  load  was 
490.3 mN, while the loading time 6 seconds. Five indentations 
were  made  for  each  ribbon.  The  tests  results  are  summarized  
in Tables 2, 3.  
Microhardness tests were performed by the Vickers method 
for  HV0.05;  this  method  is  often  used  for  testing  thin-layered 
materials. The results for both the matt and the bright sides of the 
Fe73Ti5Y3B19, Fe73Co5Y3B19 alloys differ. This is caused by the 
occurrence  of  a  sub-surface  layer  on  the  bright  side.  Table 
summarized  measurement  results  for  the  Fe73Ti5Y3B19  alloy.  
A variability of the results is visible here. However, the average 
value  of  the  difference  between  the  matt  and  the  bright  side  
2.1.   X-ray analysis 
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is  so  small  that  it  can  be  assumed  to  be  contained  within  the 
margin  of  error.  Table  3  summarized  measurement  results  
for the Fe73Co5Y3B alloy. The matt side shows a slight increase  
in hardness. On the bright side, a thin sub-surface layer occurs; 
however, it is so thin that is dose not influence the microhardness. 
When  taking  meaasurements,  the  indenter  penetrates  into  
the bright side are similar. The results repeat themselves in all  
of  the  five  performed  tests,  ranging  from  1096.7  to  1015.6  
for  HV0.05.  The  titanium-containing  alloy  has  a  lower 
microhardbess compared to cobalt. 
 
Table 2.  
Microhardness measurement results for HV0.05 for Fe73Ti5Y3B19 
Number of measurement  Matt side  Glossy side 
1  1088.4  1053.8 
2  1067.4  1024.1 
3  1037.2  999.8 
4  1096.7  1065.1 
5  1015.6  1009.2 
Average value  1061.1  1030.4 
 
Table 3.  
Microhardness measurement results for HV0.05 for Fe73Co5Y3B19 
Number of measurement  Matt side  Glossy side 
1  958.6  1000.9 
2  1035.0  1030.6 
3  1025.2  983.4 
4  927.2  970.4 
5  986.5  973.4 
Average value  986.5  991.7 
 
Microhardness tests were performed by the Vickers method 
for  HV0.05;  this  method  is  often  used  for  testing  thin-layered 
materials. The results for both the matt and the bright sides of the 
Fe73Ti5Y3B19, Fe73Co5Y3B19 alloys differ. This is caused by the 
occurrence  of  a  sub-surface  layer  on  the  bright  side.  Table 
summarized  measurement  results  for  the  Fe73Ti5Y3B19  alloy.  
A variability of the results is visible here. However, the average 
value of the difference between the matt and the bright side is so 
small that it can be assumedto be contained within the margin of 
error.  Table  3  summarized  measurement  results  for  the 
Fe73Co5Y3B  alloy.  The  matt  side  shows  a  slight  increase  in 
hardness.  On  the  bright  side,  a  thin  sub-surface  layer  occurs; 
however, it is so thin that is dose not influence the microhardness. 
When  taking  meaasurements,  the  indenter  penetrates  into  the 
bright side are similar. The results repeat themselves in all of the 
five performed tests, ranging from 1096.7 to 1015.6 for HV 0.05. 
The  titanium-containing  alloy  has  a  lower  microhardbess 
compared to cobalt.  
Table.4a.  
Measurement  results  of  the  abrasion  diameter  for 
Fe73Ti5Y3B19, Fe73Co5Y3B19 glass side 
 
Material 
Time / diameter wearing [m] 
1 hour  2 hours  3 hours 
Fe73Co5Y3B19  682.5  893  1046 
Fe73Ti5Y3B19  758.5  818 
(cracks) 
870.5 
(cracks) 
 
 
Table.4b.  
Measurement  results  of  the  abrasion  diameter  for 
Fe73Ti5Y3B19, Fe73Co5Y3B19 matt side 
 
Material 
Time / diameter wearing [m] 
1 hour  2 hours  3 hours 
Fe73Co5Y3B19  922.5  996  1096.5 
Fe73Ti5Y3B19  623.5  678  1021.5  
(cracks) 
 
 
2.3. Tribological tests using the ball tester 
 
The  next  stage  of  the  investigations  included  abrasion 
testing. Each of the alloys was subjected to a one-, two- and 
three-hours'  test  during  ball  testing.  A  20mm  -  diameter 
zirconium ball was used. Then, obtained abrasions were figure 
at  a  magnification  of  50x.  The  diameter  of  the  occurred 
abrasions was measured, and then the results were compared, 
see Table 4. Both the alloy additions and the side on which the 
abrasion test was made influence. For the Fe73Co5Y3B19 alloy, 
the  amorphous  ribbons  have  better  tribological  properties 
compared  to  the  titanium-containing  alloy.  The  alloy 
containing cobalt showed no cracks during the abrasion test on 
the ball tested, neither on the bright side nor the matt side. The 
abrasion size for the cobalt-containing alloy is significant; on 
the matt side, the abrasions for 1, 2 and 3 hours differ only 
slightly. The difference in abrasion size is visible for the bright 
side of the Fe73Co5Y3B19 alloy Figs. 4-5. 
The  produced  Fe73Ti5Y3B19  alloy  ribbons  exhibit  the 
susceptibility  to  cracking,  which  is  visible  for  the  matt  side 
already with the time of two and three hours. The titanium-
containing alloy cracks during the tribological tests, also on the 
matt side. For the time of three hours, cracks are visible. The 
thin-layered  Fe73Co5Y3B19  alloy  ribbons  did  not  show  the 
susceptibility  to  cracking  during  the  tribological  test.  Again, 
the  titanium-containing  alloy  showed  poorer  properties  in 
mechanical testing. Even such a small content of titanium may 
worsen the mechanical properties of the alloy. 23
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In  order  to  carry  out  the  planned  investigations,  
the amorphous ribbons had to be suitably prepared. To this end, 
ribbon lengths for comparing mechanical properties were stuck  
on  identical  impact  test  specimens.  Attention  is  drawn  in  the 
paper to the fact that ribbons have each a bright side and a matt 
side. The matt side is forms on the cylinder side, while the bright 
side is an outer one. The specimens prepared for testing are shown 
in Fig. 2.  
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2.1. X-ray analysis
 
An X-ray analysis was made using an X-ray diffractometer, 
which  was  equipped  with  a  cobalt  tube  with  the  CuKĮ 
characteristic  radiation.  The  sample  was  irradiated  with  X-rays  
in the angle range from 30° to 120°, with a measurement step  
of  0.2°  and  an  exposure  time  of  3s.  Figure  3  shows  the 
microstructure  of  the  investigated  Fe73Ti5Y3B19,  Fe73Co5Y3B19 
alloys.  
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Fig.  3.  An  X-ray  diffraction  pattern  for  a)  Fe73Ti5Y3B19  
and  b)  Fe73Co5Y3B19  alloy  ribbons  after  solidification 
 
Figure 3 presents X-ray diffraction patterns obtained for the 
Fe73Ti5Y3B19 and Fe73Co5Y3B19 alloys. Amorphous materials have 
no  ordered  crystalline  structure,  therefore  the  X-ray  diffraction 
pattern in Fig. 3b shows only a wide broadened maximum, which 
confirms  the  absence  of  crystalline  phase  grains  within  the 
volume  of  this  specimen.  The  presence  of  this  phase  may  
be  linked  with  prolonged  solidification  of  liquid  alloy  during 
production  process.The  Fe73Ti5Y3B19  alloy  of  chemical 
composition  as  shown  in  Fig.  3a  does  not  exhibit  any  ability  
to form a crystalline phase. Even such a small addition of the 
titanium element causes the alloy structure to differ significantly, 
not showing any ability to form crystalline phases. The key role  
in  the  formation  of  the  amorphous  structure  is  played  by  the 
composition and proportions of the examined alloy [18, 20].  
2.2. Microhardness 
Microhardness tests were performed by the Vickers method 
using  a  Future-Tech  FM7  microhardness  tester.  The  load  was 
490.3 mN, while the loading time 6 seconds. Five indentations 
were  made  for  each  ribbon.  The  tests  results  are  summarized  
in Tables 2, 3.  
Microhardness tests were performed by the Vickers method 
for  HV0.05;  this  method  is  often  used  for  testing  thin-layered 
materials. The results for both the matt and the bright sides of the 
Fe73Ti5Y3B19, Fe73Co5Y3B19 alloys differ. This is caused by the 
occurrence  of  a  sub-surface  layer  on  the  bright  side.  Table 
summarized  measurement  results  for  the  Fe73Ti5Y3B19  alloy.  
A variability of the results is visible here. However, the average 
value  of  the  difference  between  the  matt  and  the  bright  side  
is  so  small  that  it  can  be  assumed  to  be  contained  within  the 
margin  of  error.  Table  3  summarized  measurement  results  
for the Fe73Co5Y3B alloy. The matt side shows a slight increase  
in hardness. On the bright side, a thin sub-surface layer occurs; 
however, it is so thin that is dose not influence the microhardness. 
When  taking  meaasurements,  the  indenter  penetrates  into  
the bright side are similar. The results repeat themselves in all  
of  the  five  performed  tests,  ranging  from  1096.7  to  1015.6  
for  HV0.05.  The  titanium-containing  alloy  has  a  lower 
microhardbess compared to cobalt. 
 
Table 2.  
Microhardness measurement results for HV0.05 for Fe73Ti5Y3B19 
Number of measurement  Matt side  Glossy side 
1  1088.4  1053.8 
2  1067.4  1024.1 
3  1037.2  999.8 
4  1096.7  1065.1 
5  1015.6  1009.2 
Average value  1061.1  1030.4 
 
Table 3.  
Microhardness measurement results for HV0.05 for Fe73Co5Y3B19 
Number of measurement  Matt side  Glossy side 
1  958.6  1000.9 
2  1035.0  1030.6 
3  1025.2  983.4 
4  927.2  970.4 
5  986.5  973.4 
Average value  986.5  991.7 
 
Microhardness tests were performed by the Vickers method 
for  HV0.05;  this  method  is  often  used  for  testing  thin-layered 
materials. The results for both the matt and the bright sides of the 
Fe73Ti5Y3B19, Fe73Co5Y3B19 alloys differ. This is caused by the 
occurrence  of  a  sub-surface  layer  on  the  bright  side.  Table 
summarized  measurement  results  for  the  Fe73Ti5Y3B19  alloy.  
A variability of the results is visible here. However, the average 
value of the difference between the matt and the bright side is so 
small that it can be assumedto be contained within the margin of 
error.  Table  3  summarized  measurement  results  for  the 
Fe73Co5Y3B  alloy.  The  matt  side  shows  a  slight  increase  in 
hardness.  On  the  bright  side,  a  thin  sub-surface  layer  occurs; 
however, it is so thin that is dose not influence the microhardness. 
When  taking  meaasurements,  the  indenter  penetrates  into  the 
bright side are similar. The results repeat themselves in all of the 
five performed tests, ranging from 1096.7 to 1015.6 for HV 0.05. 
The  titanium-containing  alloy  has  a  lower  microhardbess 
compared to cobalt.  
Table.4a.  
Measurement  results  of  the  abrasion  diameter  for 
Fe73Ti5Y3B19, Fe73Co5Y3B19 glass side 
 
Material 
Time / diameter wearing [m] 
1 hour  2 hours  3 hours 
Fe73Co5Y3B19  682.5  893  1046 
Fe73Ti5Y3B19  758.5  818 
(cracks) 
870.5 
(cracks) 
 
 
Table.4b.  
Measurement  results  of  the  abrasion  diameter  for 
Fe73Ti5Y3B19, Fe73Co5Y3B19 matt side 
 
Material 
Time / diameter wearing [m] 
1 hour  2 hours  3 hours 
Fe73Co5Y3B19  922.5  996  1096.5 
Fe73Ti5Y3B19  623.5  678  1021.5  
(cracks) 
 
 
2.3. Tribological tests using the ball tester 
 
The  next  stage  of  the  investigations  included  abrasion 
testing. Each of the alloys was subjected to a one-, two- and 
three-hours'  test  during  ball  testing.  A  20mm  -  diameter 
zirconium ball was used. Then, obtained abrasions were figure 
at  a  magnification  of  50x.  The  diameter  of  the  occurred 
abrasions was measured, and then the results were compared, 
see Table 4. Both the alloy additions and the side on which the 
abrasion test was made influence. For the Fe73Co5Y3B19 alloy, 
the  amorphous  ribbons  have  better  tribological  properties 
compared  to  the  titanium-containing  alloy.  The  alloy 
containing cobalt showed no cracks during the abrasion test on 
the ball tested, neither on the bright side nor the matt side. The 
abrasion size for the cobalt-containing alloy is significant; on 
the matt side, the abrasions for 1, 2 and 3 hours differ only 
slightly. The difference in abrasion size is visible for the bright 
side of the Fe73Co5Y3B19 alloy Figs. 4-5. 
The  produced  Fe73Ti5Y3B19  alloy  ribbons  exhibit  the 
susceptibility  to  cracking,  which  is  visible  for  the  matt  side 
already with the time of two and three hours. The titanium-
containing alloy cracks during the tribological tests, also on the 
matt side. For the time of three hours, cracks are visible. The 
thin-layered  Fe73Co5Y3B19  alloy  ribbons  did  not  show  the 
susceptibility  to  cracking  during  the  tribological  test.  Again, 
the  titanium-containing  alloy  showed  poorer  properties  in 
mechanical testing. Even such a small content of titanium may 
worsen the mechanical properties of the alloy. 
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Fig. 4. Abrasions on the matt side of the Fe73Ti5Y3B19, Fe73Co5Y3B19 ribbons after, successively, 1 hr, 2 hrs and 3 hrs 
 
 
Table 5.  
Measurement results of roughness parameters for the Fe73Ti5Y3B19, Fe73Co5Y3B19 alloys on the glossy side 
Material 
Roughness parameters 
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Fig. 7. The roughness profile of the Fe73Ti5Y3B19 ribbon on the matt side after an abrasion time of 2 hrs 
 
 
 
 
Fig. 8. The roughness profile of the Fe73Ti5Y3B19 ribbons on the matt side after an abrasion time of 3 hrs 
 
 
 
 
Fig. 9. The roughness profile of the Fe73Ti5Y3B19 ribbons on the glass side after an abrasion time of 1 hr 
 
 
 
 
Fig. 10. The roughness profile of the Fe73Ti5Y3B19 ribbons on the glass side after an abrasion time of 2 hrs 
 
 
Fig. 11. The roughness profile of the Fe73Ti5Y3B19 ribbons on the mat glass after an abrasion time of 3 hrs 
 
 
 
 
Fig. 12. The roughness profile of the Fe73Co5Y3B19 ribbons on the glass side after an abrasion time of 1 hr 
 
 
 
 
Fig. 13. The roughness profile of the Fe73Co5Y3B19 ribbons on the glass side after an abrasion time of 2 hrs 
 
 
2.4. Surface roughness profiles 
 
For  the  determination  of  the  surface  roughness  of  the 
specimens,  an  Hommel  T1000  profilometer  was  used. The 
examination  was  made  along  a  measuring  length  of  1.5mm. 
Figures  6-13  represent  selected  graphs  illustrating  the  surface 
roughness profiles of the Fe73Ti5Y3B19 and Fe73Co5Y3B19 ribbons 
on  the  matt  and  the  glossy  side,  respectively.  Tables  5-6 
summarizes selected roughness parameter results. The images of 
the roughness profiles after approximation and the information on 
the magnitudes of the roughness parameters were obtained using 
the software supplied with the Hommel T1000 profilometer. 
The  surface  roughness  profile  examinations  showed  
a  difference  for  both  the  matt  and  the  bright  sides  of  the 
Fe73Ti5Y3B19  and  Fe73Co5Y3B19  alloys.  The  table  summarized 
 the  most  representative  results  for  the  alloys  investigated.  
On the bright side, Ra has a similar value both for the alloy with 
titanium and for the alloy with cobalt. For the titanium-containing 
alloy,  Rmax  takes  on  twice  as  high  values.  At  the  same  time,  
Rz  for  both  alloys  is  at  a  similar  level.  On  the  cylinder  side,  
an  air  cushion  forms,  which  has  an  immediate  effect  
on the roughness parameters. On the matt side, Ra is relatively 
higher  for  the  titanium-containing  alloy.  The  same  is  true  
for  Rmax,  while  the  Rz  parameter  is  higher  for  cobalt.  
On  the  outer  side,  the  cooling  conditions  for  both  ribbons  27
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are identical and the roughness parameters are directly dependent  
on the chemical composition of the material being cast 
 
 
3. Conclusions 
Only for the Fe73Co5Y3B19 alloy could the formation of the 
crystalline  phase  be  observed;  however,  not  within  the  entire 
volume. The ribbons produced from the Fe73Ti5Y3B19 alloy are 
totally amorphous. The microhardness test results explicitly show 
that  the  ribbons  with  a  higher  cobalt  content  have  a  higher 
hardness.  The  tribological  test  using  the  ball  tester  has  also 
confirmed that the cobalt-containing alloy has better mechanical 
properties.  The  titanium  content  of  the  alloy  worsens  
its mechanical properties 
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3.   conclusions
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